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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

International Appln. Serial No.: PCT/GB 99/03316 
International Filing Date: 8 October 1999 
Applicants: Panayi et al. 
Attorney Docket No.: 78104.023 

Title: TREATMENT OF INFLAMMATORY DISEASE 

PRELIMINARY AMENDMENT. 37 CFR §1.115 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In advance of prosecution on the merits, Applicants respectfully request entry 
of the following preliminary amendment. 

IN THE CLAIMS 

Please cancel Claims 1-17, without prejudice on the merits to further 
prosecution of these claims in one or more continuing applications. 

Please add new Claims 18-53, as follows: 

-18. Recombinant immunoglobulin heavy chain binding protein. 
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1 9 . The recombinant immunoglobulin heavy chain binding protein of Claim 
18, having an amino acid sequence as shown in SEQ. ID. NO: 1 or 
SEQ. ID. NO: 2. 

20. An isolated DNA molecule having or containing a nucleotide sequence 
as shown in SEQ. ID. NO: 3. 

21. A recombinant vector comprising a DNA sequence as shown in SEQ. 
ID. NO: 3. 

22. A pharmaceutical composition for the treatment of inflammation in 
mammals, including humans, the composition comprising an anti- 
inflammatory-effective amount of immunoglobulin heavy chain binding 
protein or a peptide derived therefrom, in combination with a 
pharmaceutically- suitable carrier. 

23. The pharmaceutical composition of Claim 22, wherein the 
immunoglobulin heavy chain binding protein is recombinant 
immunoglobulin heavy chain binding protein. 

24. The pharmaceutical composition of Claim 22, wherein the 
immunoglobulin heavy chain binding protein has an amino acid sequence 
as shown in SEQ. ID. NO: 1 or SEQ. ID. NO: 2. 

25 . The pharmaceutical composition of Claim 22, which is a composition for 
the treatment of rheumatoid arthritis. 
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26. A pharmaceutical composition for the treatment of inflammation in 
mammals, including humans, the composition comprising an anti- 
inflammatory-effective amount of a DNA encoding immunoglobulin 
heavy chain binding protein or an anti-inflammatory fragment derived 
therefrom, in combination with a pharmaceutically-suitable carrier. 

27. The pharmaceutical composition of Claim 26, wherein the DNA 
encoding immunoglobulin heavy chain binding protein is recombinant 
DNA. 

28. The pharmaceutical composition of Claim 26, wherein the DNA 
encoding immunoglobulin heavy chain binding protein has a nucleotide 
sequence as shown in SEQ. ID. NO: 3. 

29 . The pharmaceutical composition of Claim 26, which is a composition for 
the treatment of rheumatoid arthritis. 

30. A method for treating inflammation in a mammalian subject in need 
thereof, including a human subject, the method comprising 
administering to the subject an amount of immunoglobulin heavy chain 
binding protein or a peptide derived therefrom, the amount being 
effective to ameliorate inflammation in the subject. 

31. The method of Claim 30, which is a method of treating rheumatoid 
arthritis. 

32. The method of Claim 30, wherein recombinant immunoglobulin heavy 
chain binding protein is administered to the subject. 
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33. The method of Claim 32, wherein recombinant immunoglobulin heavy 
chain binding protein having an amino acid sequence as shown in SEQ. 
ID. NO: 1 or SEQ. ID NO: 2 is administered to the subject. 

34. The method of Claim 30, wherein the immunoglobulin heavy chain 
binding protein is administered orally, nasally, subcutaneously, or 
intravenously. 

35. A method for treating inflammation in a mammalian subject in need 
thereof, including a human subject, the method comprising 
administering to the subject an amount of a DNA encoding 
immunoglobulin heavy chain binding protein or a fragment thereof, the 
amount being effective to ameliorate inflammation in the subject, 

36. The method of Claim 35, which is a method of treating rheumatoid 
arthritis. 

37. The method of Claim 35, wherein recombinant DNA encoding 
immunoglobulin heavy chain binding protein is administered to the 
subject. 

38. The method of Claim 37, wherein recombinant DNA having a nucleotide 
sequence as shown in SEQ. ID. NO: 3 is administered to the subject. 

39. The method of Claim 35, wherein the DNA is administered orally, 
nasally, subcutaneously, or intravenously. 
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40. A method for diagnosing the presence of rheumatoid arthritis in a 
mammalian subject, including a human subject, the method comprising 
contacting a bodily fluid from the subject selected from the group 
consisting of whole blood, blood plasma, blood serum, saliva, mucus, 
synovial fluid, and cerebrospinal fluid, to immunoglobulin heavy chain 
binding protein or a peptide derived therefrom, and then ascertaining the 
presence or absence of anti-immunoglobulin heavy chain binding protein 
antibodies in the bodily fluid tested, the presence of antibodies 
indicating the presence of rheumatoid arthritis in the subject. 

41. The method of Claim 40, wherein the bodily fluid is contacted with 
recombinant immunoglobulin heavy chain binding protein 

42. The method of Claim 40, wherein the bodily fluid is contacted with 
Immunoglobulin heavy chain binding protein having an amino acid 
sequence as shown in SEQ. ID. NO: 1 or SEQ. ID. NO: 2. 

43 . The method of Claim 40, wherein the presence of anti-immunoglobulin 
heavy chain binding protein antibodies is ascertained using an enzyme- 
linked immunosorbent assay (ELISA) incorporating immunoglobulin 
heavy chain binding protein or a peptide derived therefrom. 

44 . A kit for diagnosing the presence of rheumatoid arthritis in a mammalian 
subject, including a human subject, the kit comprising: 

an amount of immunoglobulin heavy chain binding protein 
or a peptide derived therefrom, disposed in a suitable container. 

45 . The kit of Claim 44, further comprising instructions for use of the kit. 
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46. The kit of Claim 44, comprising recombinant immunoglobulin heavy 
chain binding protein or a peptide derived therefrom. 

47. The kit of Claim 44, comprising immunoglobulin heavy chain binding 
protein having an amino acid sequence as shown in SEQ. ID. NO: 1 or 
SEQ. ID. NO: 2. 

48 . The kit of Claim 44, comprising an enzyme-linked immunosorbent assay 
that incorporates immunoglobulin heavy chain binding protein or a 
peptide derived therefrom. 

49. The kit of Claim 48, comprising recombinant immunoglobulin heavy 
chain binding protein or a peptide derived therefrom. 

50. The kit of Claim 48, comprising SEQ. ID. NO: 1 or SEQ. ID. NO: 2. 

5 1 . The kit of Claim 44, comprising a Western Blot assay that incorporates 
immunoglobulin heavy chain binding protein or a peptide derived 
therefrom. 



52. The kit of Claim 51, comprising recombinant immunoglobulin heavy 
chain binding protein or a peptide derived therefrom. 

53. The kit of Claim51, comprising SEQ. ID. NO: 1 or SEQ. ID. NO: 2.- 
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CONCLUSION 



The application is now ready for examination on the merits. Early notification 
of such action is earnestly solicited. 



Res 



mitted, 




Josebh T. feeone, Reg. No. 37,170 
DEWITT ROSS & STEVENS S.C. 
Firstar Financial Centre 
8000 Excelsior Drive, Suite 401 
Madison, Wisconsin 53717-1914 
Telephone: (608) 831-2X00 
Facsimile: (608) 831-2106 



I hereby certify that this correspondence is being 
deposited with the U.S. Postal Service as Express 
Mail - Post Office to Addressee, in an envelope 
addressed to: 

BOX PCT 

Assistant Commissioner for Patents, 
Washington, D.C. 20231. 

Express Mail Label No. 

Date of Deposit: 

Signature:, 
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TREATMENT OF INFLAMMATORY DISEASE 



This invention relates to inflammatory disease and more particularly to 
rheumatoid arthritis. 

Rheumatoid arthritis (RA) is a chronic inflammatory- disease of the synovial 
joints which leads to joint destruction, disability and early death. Although the 
cause of RA is presently unknown, it has been suggested that type II collagen, 
uniquely found in the articular cartilage, is a possible autoantigen for RA. It 
has recently been proposed that gp39, a 39KD glycoprotein, and peptides 
derived from it, are such autoantigens. However, the data suppornng this 
hypothesis are limited and the role of gp39 therefore remains uncertain. 

The present invention stems from a different approach based on a study of 
chondrocytes, the specialised cells of articular cartilage. We have isolated a 
protein from human chondrocytes and human chondrosarcoma cell lines which 
reacts with antibodies present in RA patients' sera and meets the accepted 
criteria for a putative autoantigen. This purified protein has been tested for 
proliferation of T cells and has been shown to selectively proliferate synovial 
T cells from patients with RA. This protein is the immunoglobulin heavy chain 
:binding protein BiP(78KD). 

International patent application WO 99/18131 proposes the detection of 
antibodies to a BiP deriving from Hela cells as a diagnostic indication of RA. 
However, this prior disclosure does not describe the extraction of BiP from the 
Hela cells in a reproducible manner and is therefore insufficient for practical 
application. 
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We have now obtained and identified the correct RA autoantigen and this 
discovery leads to the development of prognostic and diagnostic tests for this 
disease and specific therapy. We have isolated and sequenced the DNA for 
this protein. We have also cloned and expressed this DNA. The amino acid 
and DNA sequences are novel and are shown in Sequence Listings appended 
to this specification. The aminoacid sequences of the BiP protein are given as 
sequence listings in two versions SE1 and SE2 either of which may be used as 
a test reagent in accordance with the present invention. The cDNA for SE1 is 
given as Sequence listing SE3. This sequence has been deposited with 
GENBANK under Accession No AF 1 8861 1 . 

A comparison of this sequence with that of GENBANK Accession No X87949 
is provided hereinafter. 

The first part of the following description concerns the characterisation of such 
an autoantigen; the second the cloning, sequencing and expression of the 
protein; and the third part the demonstration of disease (rheumatoid aithritis ) 
and tissue (synovial compartment) T cell specificity to the autoantigen. 
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Part 1: CHARACTERISATION OF AUTOANTIGEN 
Chondrocytes/chondrosarcoma cells. 

Chondrocytes were isolated from cartilage obtained during joint replacement. 
The cartilage was minced finely and digested with Img/ml collagenase 
(Worthington). Following digestion the cells were centrifuged at 300g and 
resuspended in Dulbeccos minimal essential medium (DMEM)fLife 
Technologies, Paisley. UK) enriched with 1 0% foetal calf serum (FCS)(Harlan 
Sera-Lab, Loughborough, UK). Cell debris was washed off the adherent cells 
after 24hours and the cells allowed to expand until confluent. Cells were 
passaged using trypsin (0.25%) and split 1 :3. 

Chondrosarcoma cells (HTB94) (SW1353) were supplied by the American 
Type Culture Collection ATCC (Rockville, Maryland, USA) and by Dr J 
Block, Rush University, Chicago, USA (personal gift). These cells were 
cultured in DMEM with 10% FCS and split 1:3 after gentle trypsinisation 
(0.25% trypsin Life Technologies, Paisley, UK) when confluent. 

Preparation of cell Ivsates. 

Cells were scraped from the flask surface, homogenised and sonicated in the 
presence of proteinase inhibitors PMSF (2mM), leupeptin (200ug/ml) and 
aprotinin (50ug/ml) (Sigma, Poole, UK). 

Sodium dodecyl sulphate (SDS) (Sigma, Poole, UK) was added to a final 
concentration of 1% and the proteins solubilised at room temperature for 
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Ihour. Protein concentration was estimated by bicinchoninic acid assay using 
bovine serum albumin (BSA) as a standard protein (Sigma) and the cell lysate 
was used at lOug/well equivalent. 

Polyacrvlamide gel electrophoresis (PAGE) and Western Blot. 

The Mini Protean system (BioRad Laboratories, Heme! Hempstead- UK) was 
used to run the gels. 5. 7.5 or 10% SDS polyacrvlamide denaturing gels 
1.5mm thick were prepared (See Appendix 1). Gels were loaded with lOug 
protein/well or the equivalent was loaded on preparative gels. Electrophoresis 
was carried out at a constant 100V and broad range kaleidoscope markers 
(BioRad) were rim in parallel with the cell lysates. 

Following electrophoresis the proteins were blotted onto nitrocellulose at a 
constant 100V for Ihour (See Appendix 1). Nitrocellulose was then blocked 
with 3%BSA (Sigma, Poole,UK) and left at 4° C overnight. Preparative gel 
membranes were cut into 16 thin strips when necessary, each having an 
identical protein profile. The membranes were probed with patients sera f 1/100 
dilution) or specific monoclonal antibodies (at required concentrations) for 
Ihour at room temperature and then washed x3 over Ihour in TTBS (See 
.Appendix 1). The secondary antibody, goat anti-human IgG (Fab 2 ) horse 
radish peroxidase(HRP) conjugate (Sigma) was added at 1/1000 dilution and 
incubated for Ihour at room temperature. The membranes were then washed 
x3 over Ihour in TTBS. Enhanced chemiluminescence (Amersham) was used 
to develop the system and antigen-antibody .HRP complexes appeared as 
discrete bands on photographic film when developed. 
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Isolation of the putative autoantigen p78 
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The band of interest was seen in approximately 30% of the rheumatoid arthritis 
sera used to screen the cell lysates as previously described. 

To isolate the protein the cell lysate was concentrated x 23. using a 30J300MW 
cut-off filter( Vivascience). This protein was then loaded on 5% and 7.5% gels 
in parallel . One lane on each was loaded at normal concentration while the 
two other lanes were overloaded with the protein. Kaleidoscope markers were 
loaded on either side of the test lanes. The gels were then run as previously 
described until the kaleidoscope markers showed that the 70,000 MW protein 
would be in the bottom third of the gel as close as possible to the run-off point. 
The gels were then blotted onto PVDF membrane (Tmmobilon P, Milhpore) 
which was immediately placed in distilled water after transfer of the proteins 
was complete. The strip with normal loading was used for immunodetection of 
the protein band. The developed film of this immunodetection and Ponceau red 
staining of the overloaded strips was used to identify the band on the 
membrane which was then air-dried. 

These strips were then taken to isolate and sequence the protein using matrix 
assisted laser desorption ionisation (MALDI) spectroscopy . 

The electroblotted proteins were stained with Ponceau S (0.05% w/v aqueous 
methanol/0.1% acetic acid) using a rapid-staining protocol (1). The dried, 
stained proteins were then digested in situ with trypsin (Boehringer, modified) 
and the peptides extracted with 1:1 v/v formic acidiethanol (2). One 0.2 ul 
aliquot (approximately 5% of the total digest) was sampled and directly 
analysed by matrix-assisted laser desorption ionisation (MALDI) time-of-flight 
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mass spectrometry using a LaserMat 2000 mass spectrometer (Thermo 
BioanaIysis,UK) (3). A second 0.2ul aliquot was quantitatively esterified 
using 1 % v/v thionyl chloride in methanol and also analysed by MALDI to 
provide acidic residue composition (4). Native and esterified peptide masses 
were then screened against the MOWSE peptide mass fingerprint database (5). 
The remaining digested peptides (90% of total digest) were then reacted with 
N-succinirnidyl-2(3-pyridyl) acetate (SPA) in order to enhance b-ion 
abundance and facilitate sequence analysis by tandem mass spectromety (6). 
Dried peptide fractions were treated with 7 ul 1% w/v N-succniimidyl-2(3- 
pyridyl) acetate in 0.5M HEPES (pH 7.8 with NaOH) containing 15% v'v 
acetonitrile for 20 rnin on ice. The reaction was terminated by 1 ul 
heptafliiorobutyric acid (HFBA) and the solution immediately injected onto a 
capillary reverse-phase column (300 urn x 15cm) packed with POROS R2/H 
material (Perseptive Biosystems, MA) equilibrated with 2% v/v 
acetonitrile/0.05% v/v TFA nmning at 3 ul/rnin. The absorbed peptides were 
washed isocratically with 10% v/v acetonitrile/0.05% v/v TFA for 30 minutes 
at 3 ul/min to elute the excess reagent and HEPES buffer. The derivatised 
peptides were then eluted with a single step gradient to 75% v/v 
acetonitrile/0.1% v/v formic acid and collected in a single 4 ul fraction. The 
derivatised peptides were then sequenced by low-energy collison-activated 
dissociation (CAD) using a Finnigan MAT TSQ7000 fitted with a 
nanoelectrospray source (7,8). CAD was performed using 2.5 mTorr argon 
with collisonal offset voltages between -18V and -28V. The product-ion 
spectra were collected with Q3 scanned at 500 amu/sec. 
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RESULTS: 

Sequence data obtained from 7.5% gel (single band) 

from GR78_human 
Specific identifying peptides: 

NQLT SNPENT VFD AK 82-96 
SDIDEIVLVGGSTR 353-366 
TWNDPSVQQDDC 1 07-1 13 

Identified human protein GR 78: 

Kd glucose related protein precursor (GRP78) 

Immunoglobulin heavy chain binding protein (BIP) 

Part 2: CLONING. SEQUENCING AND EXPRESSION OF p78 

1) mRNA isolation and PCR amplification of identified genes . 

Human chondrocytes were isolated and cultured for three weeks as described. 
PoIy(A) mRNA (l-2ug) was extracted with a Micro-Fastrack kit (Invitrogen) 

from a total of 1-2 X 10^ cells. One microgram of the resulting mRNA was 
reverse transcribed into cDNA in a 20jil volume at 45°C for 1 hour using 1 ul 
of Moloney murine leukemia virus reverse transcriptase (200u/ul ); 5 X first 
strand buffer (Tris-HCl pH 8.3, 250mM; KC1 375 mM; MgCl 15mM); O.IM 
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DTT; oligo dT( 12- 18) 20ng/ul (Life Technologies); and dNTP mix lOOmM 
(Amersham Phamiacia Biotec, Uppsala Sweden). 

PCR was performed in a 50jnl reaction volume under standard conditions (see 
below) using a Perkin Elmer Applied Biosystems thermal cycler PE2400. 
Primer sequences were derived from the GenBank database sequence 
corresponding to the Human gene for the immunoglobulin heavy chain binding 
protein, Bip (grp78), accession number X87949. Specific primers were 
synthesized to amplify the putative autoantigen gene from the chondrocyte 
cDNA. The resulting PCR product consisted of most of the grp78 coding 
region, bar the untranslated regions, signal sequences and the stop codon 
(nucleotide positions 279-2169 of the grp78 database sequence). 

Primer sets for PCR were designed with integrated restriction sites to allow 
rapid subcloning of cDNA into the bacterial expression vector. The Forward 
primers encoded an Ndel site and the Reverse primers contained an Xhol 
restriction site: The Sequence Listing for the forward primer is given hereafter 
as SE4 and that for the reverse primer is given as SE5. 

Bip Forward primer 5' TATACATATGGAGGAGGACAAGAAGGAGGACG 
3' (32mer) 

Bip Reverse primer 5' CCACCTCGAGTTCTGCTGTATCCTCTTCACCA 
3' (32mer) 

After initial denaturation at 96°C for 2min the, PCR was performed for 28 
cycles using a cycling profile of 94°C for 30s, 60°C for 30s and 72°C for 2rnin, 
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with a final extension at 72°C for 7min. The PCR reaction generated a single 
specific Bip fragment of 1 890bp. 

2) Cloning of PCR generated fragments. 

The restriction sites engineered into the forward and reverse primers used for 
the PCR reactions required flanking DNA for them to be recognised by their 
specific endonucleases (Ndel and Xhol). To provide this flanking DNA. the 
PCR generated fragment was cloned into a PCR cloning vector pCR2.1-TOPO 
(Invitrogen). The ligated plasmids were transformed into competent E.coli 
XL 1 -Blue (Stratagene) and plasmid DNA extracted using rmniprep purification 
columns (Qiagen). The purified plasmid DNA for the clone was designated 
Bip-Topo. These DNA samples were stored at -20°C. The purified plasmid 
DNA for Bip-Topo was digested with Ndel and Xhol. The restricted fragments 
were separated by agarose gel electrophoresis and purified using the Qiagen 
DNA gel extraction kit. 

3) Subcloning of restricted gene fragments into bacterial expression vector. 

The purified fragment for the clone was ligated into the Ndel /Xhol pre- 
digested bacterial expression vector pET30a (Novagen). Ligation was 
performed at 12°C overnight in the presence of T4 ligase (20 units) and 1/10 
vol of 10X ligase buffer (provided with the T4 ligase enzyme from Promega). 
The ligated plasmids were transformed into competent E.coli XL 1 -Blue 
(Stratagene) and screened by coIony-PCR using Bip specific primers. Positive 
transform ants carrying the required recombinant plasmids were purified and 
transformed into competent E.coli expression strain BL21-(DE3) (Invitrogen). 
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It will of course be understood that cloning may be carried out in prokaryotic 
or eukaryotic hosts including bacteria, insect cells, and mammalian cells. 
Preferred hosts are those which ensure glycosylation of the expressed product. 

4) Sequencing of the 1 890bp pET30::Bip subclone . 

Sequencing of the 5' and 3' terminal ends of the pET30a::Bip clone confirmed 
that the recombinant DNA molecule was in-frame with the ATG start codon on 
the pET30 vector and that readthrough from this site continued through the Bip 
gene and ended with the 6X His residues and the stop codon located on the 3" 
arm of the expression vector. 

Extensive DNA sequencing was performed using synthetic oligonucleotide 
primers spanning the entire length of the Bip subclone. Sequence analysis of 
the newly subcloned Bip gene fragment was performed by comparative 
alignment against the existing grp78 sequence from the database {accession 
number X87949). A number of differences between the two sequences were 
detected, both at the DNA and protein level (see Appendix 2). These areas of 
disagreement may either be a result of errors in the original DNA sequencing 
(of grp78) or they may indicate the presence of an additional related, but 
slightly different Bip gene in the genome. 

All DNA sequencing was performed on an Applied Biosystems ABI 377 
automated DNA sequencer using the dRhodamine dye terminator kit (Perkin 
Elmer- Applied Biosystems). 
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Expression of bacterial and purification recombinant proteins. 

E.coli expression strain BL21-(DE3) containing the recombinant pET30a-Bip 
plasmid was grown at 37°C in LB medium containing kanamycin (50ug/ml). 
When the cells had reached an OD600 of 0.6units, isopropyl (3-D- 
thiogalactopyranoside (IPTG) (ImM) was added to the medium to induce 
expression of the recombinant protein, driven by the IPTG-mducible promoter 
of the expression vector. To allow for maximal expression of the recombinant 
protein the culture was incubated for a further 4 hours at 37°C. The cells were 
pelleted by centrifiigation and stored at -70°C. 



For purification of the recombinant bacterial proteins the bacterial pellets were 
lysed in binding buffer (20mM NaP04, 500mM NaCI. 5mM Imidazole, ImM 
PMSF, lmg/ml Lysozyme, 5units/ml DNAse, 0.1% Triton X-100, pH7.4). The 
lysate was cleared by centrifiigation to remove insoluble matter and cell debris. 
The cleared lysate was passed over a binding buffer-equilibrated chelating Hi- 
trap affinity column, with a bed volume of 5ml (Pharmacia). The non- 
specifically bound protein was washed from the column under stringent 
conditions using a series of three wash buffers. The primary wash was 
performed using 100ml of Binding buffer. This was followed by a high 
stringency low pH wash (20mM NaP04, 500mM NaCI, 0.1% Triton X-100, 
pH5.5) and an additional high stringency wash using 100ml of 20mM NaP04, 
500mM NaCI, 0.1% Triton X-100, 50mM Imidazole, pH7.4. 
The histidine-tagged recombinant proteins were eluted from the column by 
stripping with 50mM EDTA. Eluted proteins were dialysed overnight against 
Ix PBS to remove EDTA and Ni contaminants. The purified protein was 



WO 00/21995 PCT/GB99/03316 

12 

concentrated and washed in sterile PBS using a 50000 Mw cutoff concentrator 
column (Millipore). The total amount of protein was determined by 
spectrophotometry using BSA as a standard with the bicinchoninic acid assay. 



Immunological studies in experimental arthritis 
Antibody response to p78 in experimental arthritis 

Collagen arthritis (CIA) and pristane arthritis (PIA) were induced in DBA/1 
mice according to our previously described protocol. Mice were bled before 
induction of arthrtis (15 animals), at the onset of CIA (16 animals ) and the 
onset of PIA (14 animals). The antibody in mouse sera against p78 was 
determined using an enzyme-linked immunosorbent assay (ELISA) with 
recombinant p78. Nunc 96-well ELISA plates (Fisher Biotech, Orangeburg, 
NY) were coated overnight at 4°C with p78 at 500 ng ( in 100 ml of 5% non- 
fat milk/PBS) per well. After washing 3 times with phosphate buffered saline 
(PBS) containing 0.05% Tween-20, the plate was blocked with 5% non-fat 
milk/PBS overnight at 4 U C. The mouse sera were added into the wells at 1 :200 
dilution in milk/PBS and incubated overnight at 4°C. The plate was washed. 
100 ml goat anti-mouse Ig conjugated with alkaline phosphatase (anti-Ig-AK: 
1 :500 dilution in milk/PBS/Tween-20, Fisher Biotec) was added for 60 mins at 
37°C. After three washes with PBS/Tween-20, 100 ml paranitrophenyl 
phospphate solution (PNPP tablets; Sigma Chemicals; St Louis, MO) in 
diathylanolamine buffer was added to each well. The reaction was allowed to 
proceed for 30 mins in the dark and the plate read at 405nm in 
aspectrophotometer (Molecular Devices, Menlo Park, CA). The data were 
analyzed using the SOFTmax analytical software package. The specific 
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binding were the OD readings from p78-coated wells subtractinf the OD from 
non-coated as well as non-sera blanks. The antibody levels were expressed as 
OD405 units. 

RESULTS 

Identification of autoantigen 

When RA and control sera were blotted against chondrocyte extracts. 30% RA 
sera reacted with a 78 Kd protein compared to 10% of control sera (Figure 1). 
Sequencing of three tryptic peptides by low energy CAD identified one 
component of the 78 kD band as the 78 kD glucose-regulated protein, also 
known as immunoglobulin heavy chain binding protein (BiP). DNA sequence 
analysis of p78 from articular chondrocyte cDNA showed a number of 
deviations from the published sequence (accession number X87949). A total of 
six single nucleotide substitutions and a codon insertion result in three amino 
acid substitutions and an arginine insertion at position 834-836 of p78 
(accession number AF188611). 

Immunological tests in rheumatoid arthritis 

T cell proliferative responses were determined for mononuclear cell 
preparations from paired peripheral blood and synovial fluid samples obtained 
from 23 patients with rheumatoid arthritis and from 12 disease controls. 
Twelve of 23 (52 per cent) patients with RA and only 2 of 12 (17 per cent) of 
disease controls showed increased synovial proliferation (Figure 2). The 
prolifeative response to p78 of RA synovial T cells was significantly higher 
than that of the paired peripheral blood (stimulation index, mean ± SEM: SF 
3.5 + 0.7; PB 1.6 ± 0.2; p <0.01 Wilcoxon paired test)). A significant 
difference was also seen between synovial fluid responses to p78 between RA 
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patients and disease controls (SI: RA 3.5 ± 0.7; OIJD 1 .4 ± 0.2; p=0.03 Mann 
Whitney U test). There was no association with HLA-DR as 50% of 
responders and non-responders were HLA-DR4 positive (data not shown). 

Rheumatoid synovial fluid T cell proliferation to p78 was inhibited by 66-84% 
by anti-HLA-DR monoclonal antibody L243 (ATCC Rockville, MD) (data not 
shown). 

No EFNg could be measured in the supernatants from the paired synovial fluid 
and peripheral blood mononuclear cells (data not shown) despite using an 
ELISA sensitive to 0.01 ng/ml. No EFNg could be detected by intracellular 
fluorescence in the peripheral blood T cells of RA patients (n = 7) or healthy 
controls (n = 2) after stimulation by p78 (data not shown). These findings 
imply that the responding T cells were unlikely to belong to the classical IFNg 
producing TH1 subset { 1461 ) . 

Immunological studies in experimental arthritis 
Induction of experimental arthritis with p78 

Immumsation of DBA 1, C57BL mice and Lewis rats with p78 in Freund's 
complete adjuvant (CFA) did not lead to the development of arthritis (data not 
shown). There was a similar lack of arthritogenicity of p78 when injected with 
CFA into HLA-DR 1 +/ " (0/10 mice) or into HLA-DR4 +A (0/5) mice. 

Immune response to p78 in experimental arthritis 

Despite the failure to induce arthritis by immunising animals with p78, we 
investigated whether DBA/1 mice during the course of collagen (CIA) or 
pristane (PIA) induced arthritis developed antibodies to p78 (Figure 4). Mice 
developed serum anti-p78 antibodies at the onset of collagen arthritis (O.D405- 
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0.189 ± 0.042, m ± sem) and pristane induced arthritis (0.504 ± 0.074) when 
compared to pre-bleed sera (0.070 ± 0.019; p < versus CIA and p< versus 
PIA, respectively). Furthermore the concentration of these antibodies was 
significantly higher in the PIA mice as compared to CIA mice (p ). There 
were 14 mice in each group. 

Prevention of collagen-induced arthrtis bv intravenous administration of p78 

The presence of antibodies to p78 in the sera of mice with CIA or PIA 
suggested that manipulating the immune response to p78 might prevent the 
subsequent development of CIA by a bystander phenomenon. HLA-DRF'~ 
transgenic mice were injected intravenously with Img of p78 prior to 
immunisation with type II collagen in CFA one week later (Table 2). Whereas 
83% of animals had 46% of their limbs involved with arthritis at 8 weeks when 
pretreated with saline, only 10% of animals had 3% of their limbs involved 
with arthritis in the group previously given intravenous p78. These differences 
are highly significant (p< 0.008 and p< 0.0001). Table 2 also shows that there 
was a significant reduction in anticoUagen antibodies in the p78 pre-treated 
animals to one third the level in the controls. The reduction was equal in the 
the IgGl and IgG2 isotypes (Table 3). The histology of the joints of these 
animals (Figure 6) confirmed the clinical findings in that there was no synovitis 
in the joints of p78 pre-treated mice. 

We have shown in this study that 30% of patients with RA have antibodies, 
detected by Western blotting, directed against the human chaperonin 
BiP/GRP78, and named by us p78. Furthermore, T ceils from the rheumatoid 
synovial fluid proliferated preferentially to p78. There was minimal response 
by the T cells from the peripheral blood of the same patients. The T cells from 
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patients with other inflammatory arthritides, whether from the synovial fluid or 
the peripheral blood, did not significantly proliferate to p78. Finally, the 
proliferative response was inhibited by anti-HLA-DR monoclonal antibody 
suggesting that CD4+ positive T cells are responding to antigenic peptides 
presented in the context of HLA-DR.. This polyclonal T cell response was not 
HLA-DR4 restricted. Thus p78 stimulation of T cell proliferation possesses 
two characteristics to be expected of a rheumatoid autoantigen. namely, it is 
joint and disease specific. 

On the basis of these observations, we then undertook intravenous 
immunisation of mice w ith p78 in order to test the hypothesis that deviating the 
immune response to p78 would prevent the development of CIA by a bystander 
mechanism.. Tins indeed proved to be the case with almost total prophylaxis 
against the induction of CIA in HLA-DR1 +/+ transgenic mice. In the past- 
various types of experimental arthritis have been prevented or treated by 
adrninistration of bacterial, and especially mycobacterial, heat shock proteins 
such as HSP60 or T cells responding to whole HSP60 or to specific 
peptides {2 103, 2280.2282,2283,2284,2281}. However, it is of some 
importance to note that self-HSP60 peptides show no such protective 
effects { 2281 ) . Thus the ability of p78 to prevent CIA is of fundamental 
importance. The observations described in this work are the first, to our 
knowledge, which implicate an endogenous chaperone in the pathogenesis of 
RA and the irnmuno therapy of experimental arthritis. The potential for the 
immunotherapy of RA is clearly apparent. 
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2. Use of tests for detection of antibodies to p78 in biological fluids or culture 
supernatants 

Several techniques can be used, such as agglutination, Western blotting, and 
ELISA. 

ELISA protocol for the detection of antibodies to p78 in sera 

ELISA plates are coated half with p78 in bicarbonate buffer and half with 
bicarbonate buffer alone for 4 hours at room temperature. After 2 washes in 
PBS the plate is blocked for 2 hours at room temperature with 10% goat serum 
in PBS with 0.05% Tween 20 to stop non-specific binding of protein. After 2 
farther washes diluted sera (in PBS/1% goat serum/0.05%Tween) is added in 
duplicate to both die p78 coated and non-coated sides of the plate. After 4 
washes biotin conjugated anti human immunoglobulin (1/10000 diluted in 
PBS/1% goat serum/0.05% Tween)) is added to the plate. The plate is washed 
6 times. Bound biotinylated antibody is detected with streptavidin conjugated 
horse-radish peroxidase (1/800 mPBS/1% goat serum/0.05% Tween) and 
suitable substrate. Sera containing antibodies to p78 are detennined 
spectrophotometricalh . This test forms the basis of a diagnostic and/or 
.prognostic test for rheumatoid arthritis. 

3. Therapeutic application 

Many routes of administration of the recombinant protein or vector are 
possible, including intravenous, intramuscular, nasal, oral, cutaneous, and 
topical. There are several approaches to using p78 or derivatives for 
therapeutic purposes, including the following: 



WO 00/21995 



PCT/GB99/03316 



18 

(a) Induction of mucosal tolerance . 

Delivery of p78 autoantigen or peptides derived therefrom by mucosal routes, 
e.g. through the intestine or nasal mucosa, alters the immune response by 
downregulatmg disease activity leaving the patient's immune system otherwise 
intact. Alternatively p78 or p78 peptides can be delivered as DNA plasmids 
encoding them with an appropriate mammalian expression vector. 

(b) Vaccination with TCR peptides 

Peptides of the CDR3 region of the T cell receptor Valpha and Vbeta chains 
can be synthesised and used as vaccines for delivery by intradermal or 
intramuscular injection. Plasmids encoding these peptides can be used in the 
same way. 

(c) MHC blockade with native or altered peptides 

The p78 peptides may be given parenterally or orally in appropriate cases 
either unmodified or modified by amino acid substitution and/or attachment of 
chemical groupings so as to block MHC and especially HLA-DR4 thereby 
leading to suppression of T cell activation and disease. P78 peptides either 
native or altered may be combined with soluble HLA-DR4 molecules and 
applied parenterally or orally. 

(d) Induction of tolerance bv plasmid DNA immunisation 
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Plasmids consisting of DNA coding for whole p78 protein or its peptides 
linked to a mammalian expression vector may be given by injection. DNA 
coding for human EL- 10, EL-4, EL-11, or TGF-beta, incorporated singly or in 
any combination, may be used to deviate the immune response to p78 towards 
a TH2 mode so as to suppress disease. 

In the therapeutic regimes indicated above the protein or derived peptide may 
be administered in appropriate compositions delivering amounts ranging from 
about 0.1 micrograms to about 1 gram or the equivalent in the case of plasmid 
or vaccine preparations. 
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Appendix 1 
Methodology for gel electrophoresis 

Aery lamide gel: 10% 

6.075ml acrylarmde (40%) (BDH, Poole, UK) 

3.35ml methylenbisacrylamide (2%)(Pharmacia Biotech, Uppsala, Sweden) 

6.25ml acrylamide gel buffer (see below) 

9ml distilled water (produced within the laboratory) 

250ul Ammonium persulphate (AMPERS)(0.025mg in 250ul of distilled 
water)(Sigma-Aldrich, Poole, UK) 

25ul >rbJN7^'-Tetrainemylethylenedjamine (TEMED)(Sigma-Aldrick Poole. 
UK) 

Acrylamide gel buffer: pH 8.8 

1 .5M Tris (tris(hydoxymemyl)ainiiiomethane)( Sigma- Aldrich, Poole, UK) 

pH titration with concentrated hydrochloric acid 

0.4% Sodium dodecyl sulphate ( SDS)(BDH-Merck, Poole, UK) 

Stacking gel: 

1.2ml acrylamide (40%)(BDH-Merck, Poole, UK) 

0.65ml bisacrylamide (2%)(Pharmacia Biotech, Uppsala, Sweden) 

3.15ml stacking gel buffer (see below) 

7.5ml distilled water (produced within the laboratory) 
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125ul ammonium persulphate (AMPERS) (0.025mg/250ulXSigma-Aldrich, 
Poole, UK) 

12.5ul NNN^'-Tetramethylethylenediamiiie (TEMED)(Sigma-Aldrich, Poole, 
UK) 

Stacking gel buffer: pH 6.8: 

0.5M Tris ftns(hydoxymetliyl)aiiimometliane)(Sigma-Aldiicl2, Poole, UK) 

pH titration with concentrated hydrochloric acid 

0.4% Sodium dodecyl sulphate ( SDS )(BDH-Merck, Poole, UK) 

Loading buffer: 
2ml glycerol 

2ml 10% Sodium dodecyl sulphate (SDS)(BDH-Merck. Poole, UK) 
0,.25mg bromophenol blue 

2.5ml stacking gel buffer 4-times concentrated (0.5M Tris; 0.4% SDS; pH 6.8) 
0.5ml 2-mercaptoethanoI ( Sigma- Aldrich, Poole, UK) 

Electrophoresis/Running buffer: 

3g/l Tris (tris(hydox\Tnethyl)animometnane)(Sigma-Aldrich, Poole, UK) 

14.4g/l glycine (BDH -Merck, Poole, UK) 

lg/1 Sodium dodecyl sulphate (SDS)(BDH-Merck, Poole, UK) 

Transfer buffer: 

3gfi Tris (lris(hydox3raethyl)aiiiinomethane)(Sigma- Aldrich, Poole, UK) 
14.4g/l glycine (BDH-Merck, Poole, UK) 
Igfl Sodium dodecyl sulphate (SDS)(BDH-Merck, Poole, UK) 
14.4g/l glycine (BDH-Merck, Poole, UK) 
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10% methanol (BDH-Merck, Poole, UK) 



PCT/GB99;03316 



Tris Tween buffered saline (TTBS): 

2.4g/l Tris (tris(hydoxymethyl)arninomethane)(Sigma-Aldrich, Poole, UK) 
29g/\ sodium chloride (BDH-Merck, Poole, UK) 

500ul tween 20 (polyoxyethylene-sorbitan mono-laurate)(Sigma-AIdrich, 
Poole, UK) 

3% Bovine serum albumin solution (BSA): 

3g Albumin bovine fraction 5 (BDH-Merck, Poole, UK) 

100ml TTBS (see above) 
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Appendix 2 



Amino acis sequence of the expressed BiP recombinant human protein. Total 1917 
nucleotides. Starting at Methionine (start codon) ending in 6X His tag. 



Molecular Weight 70937.50 Daltons 
639 Amino Acids 

86 Strongly Basic ( + ) Amino Acids (K, R) 
108 Strongly Acidic {-) Amino Acids (D,E) 
204 Hydrophobic Amino Acids [A, 1 , L, F, W, V) 
142 Polar Amino Acids (N, C, Q, S, T, Y) 

5.173 Isolectric Point 
-20.041 Charge at PH 7.0 

MEEDKKEDVGTWGIDLGTTYSCVCTVFKNGRVEIIA 

I GRTWNDPS VQQD IKFLP FKWEKKTKPYI QVDI GGGQTY3! FAPEEI S AMVLTKMKETAEAYLGKKVTHAWT VP AYFND 
AQRQATKDAGT XAGLNVMRI INEPTAAAIAYGLDKREGEKNILVFDLGGGTFDVSLLTI DNGVFEVVATNGDTHLGGEDF 
DQRVMEHFIKLYKKKTGKDVRKDNRAVQKLPJtEVEKAK^^ 

MKPVQKVLEDSDLKKSDIDEIVLVGGSTRIPKIQQLVKEFFNGKEPSRGINPDEAVAYGAAVQAGVLSGDQDTGDLVLLD 
VCPLTLGIETVGGVMTKLIPRNTWPTKKSQIFSTASDNQPTVTIKVYEGERPLTKDNHLLGTFDLTGIPPAPRGVPQIE 
VTFEIDWGILRVTAEDKGTGNKNKITITNDQNPJjTPEEIERWTODAEI^ 

KEKLGGKLSSEDKETMEKAVEEKIEWLESHQDADIEDFKAKKKELEEIVQPIISKLYGSAGPPPTGEEDTAELHHHHHH 
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Appendix 3 



RT-PCR Cloned and Sequenced grp78 (BiP) fragment used fcr expression of 
recombinant human protein. Total 1917 nucleotides. Starting at ATG start codon 
ending in 6X His tag. 

ATGGAGGAGGACAAGAAGGAGGACGTGGGCACGGTGGTCGGCATCGACCTGGGGACCACCTACTCCTGCGTCGGCGTGTT 
CAAGAACGGCCGCGTGGAGATCATCGCCAACGATCAGGGCAACCGCATCACGCCGTCCTATGTCGCCTTCACTCCTGAAG 
GGGAACGTCTGATTGGCGATGCCGCCAAGAACCAGCTCACCTCCAACCCCGAGAACACGGTCTTTGACGCCAAGCGGCTC 
ATCGGCCGCACGTGGAATGACCCGTCTGTGCAGCAGGACATCAAGTTCTTGCCGTTCAAGGTGGTTGAAAAGAAAACTAA 
ACCATACATTCAAGTTGATATTGGAGGTGGGCAAACAAAGACATTTGCTCCTGAAGAAATTTCTGCCATGGTTCTCACTA 
AAATGAAAGAAACCGCTGAGGCTTATTTGGGAAAGAAGGTTACCCATGCAGTTGTTACTGTACCAGCCTATTTTAATGAT 
GCCCAACGCCAAGCAACCAAAGACGCTGGAACTATTGCTGGCCTAAATGTTATGAGGATCATCAACGAGCCTACGGCAGC 
TGCTATTGCTTATGGCCTGGATAAGAGGGAGGGGGAGAAGAACATCCTGGTGTTTGACCTGGGTGGCGGAACCTTCGATG 
TGTCTCTTCTCACCATTGACAATGGTGTCTTCGAAGTTGTGGCCACTAATGGAGATACTCATCTGGGTGGAGAAGACTTT 
GACCAGCGTGTCATGGAACACTTCATCAAACTGTACAAAAAGAAGACGGGCAAAGATGTCAGGAAAGACAATAGAGCTGT 
GCAGAAACTCCGGCGCGAGGTAGAAAAGGCCAAACGGGCCCTGTCTTCTCAGCATCAAGCAAGAATTGAAATTGAGTCCT 
TCTATGAAGGAGAAGACTTTTCTGAGACCCTGACTCGGGCCAAATTTGAAGAGCTCAACATGGATCTGTTCCGGTCTACT 
ATGAAGCCCGTCCAGAAAGTGTTGGAAGATTCTGATTTGAAGAAGTCTGATATTGATGAAArrGTTCTTGTTGGTGGCTC 
GACTCGAATTCCAAAGATTCAGCAACTGGTTAAAGAGTTCTTCAATGGCAAGGAACCATCCCGTGGCATAAACCCAGATG 
AAGCTGTAGCGTATGGTGCTGCTGTCCAGGCTGGTGTGCTCTCTGGTGATCAAGATACAGGTGACCTGGTACTGCTTGAT 
GTATGTCCCCTTACACTTGGTATTGAAACTGTGGGAGGTGTCATGACCAAACTGATTCCAAGGAACACAGTGGTGCCTAC 
CAAGAAGTCTCAGATCTTTTCTACAGCTTCTGATAATCAACCAACTGTTACAATCAAGGTCTATGAAGGTGAAAGACCCC 
TGACAAAAGACAATCATCTTCTGGGTACATTTGATCTGACTGGAATTCCTCCTGCTCCTCGTGGGGTCCCACAGATTGAA 
GTCACCTTTGAGATAGATGTGAATGGTATrCTTCGAGTGACAGCTGAAGACAAGGGTACAGGGAACAAAAATAAGATCAC 
AATCACCAATGACCAGAATCGCCTGACACCTGAAGAAATCGAAAGGATGGTTAATGATGCTGAGAAGTTTGCTGAGGAAG 
ACAAAAAGCTCAAGGAGCGCATTGATACTAGAAATGAGTTGGAAAGCTATGCCTATTCTCTAAAGAATCAGATTGGAGAT 
AAAGAAAAGCTGGGAGGTAAACTTTCCTCTGAAGATAAGGAGACCATGGAAAAAGCTGTAGAAGAAAAGATTGAATGGCT 
GGAAAGCCACCAAGATGCTGACATTGAAGACTTCAAAGCTAAGAAGAAGGAACTGGAAGAAATTGTTCAACCAATTATCA 
GCAAACTCTATGGAAGTGCAGGCCCTCCCCCAACTGGTGAAGAGGATACAGCAGAACTCCACCACCACCACCACCAC 
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Appendix 4 

RT-PCR Cloned and Sequenced grp78 (BiP) fragment used for expression of recom 
binant human protein. Total 1917 nucleotides. Starting at ATG start codon end 
ing in 6X His tag.DDATGGAGGAGGACAAGAAGGAGGACGTGGGCACGGTGGTCGGCATCGACCTGGGGACC 
ACCTACTCCTGCGTCGGCGTGTTCAAGAACGGCCGCGTGGAGATCATCGCCAACGATCAGGGCAACCGCATCACGCC 
GTCCTATGTCGCCTTCACTCCTGAAGGGGAACGTCTGATTGGCGATGCCGCCAAGAACCAGCTCACCTCCAACCCCG 
AGAACACGGTCTTTGACGCCAAGCGGCTCATCGGCCGCACGTGGAATGACCCGTCTGTGCAGCAGGACATCAAGTTC 
TTGCCGTTCAAGGTGGTTGAAAAGAAAACTAAACCATACATTCAAGTTGATATTGGAGGTGGGCAAACAAAGACATT 
TGCTCCTGAAGAAATTTCTGCCATGGTTCTCACTAAAATGAAAGAAACCGCTGAGGCTTATTTGGGAAAGAAGGTTA 
CCCATGCAGTTGTTACTGTACCAGCCTATTTTAATGATGCCCAACGCCAAGCAACCAAAGACGCTGGAACTATTGCT 
GGCCTAAATGTTATGAGGATCATCAACGAGCCTACGGCAGCTGCTATTGCTTATGGCCTGGATAAGAGGGAGGGGGA 
GAAGAACATCCTGGTGTTTGACCTGGGTGGCGGAACCTTCGATGTGTCTCTTCTCACCATTGACAATGGTGTCTTCG 
AAGTTGTGGCCACTAATGGAGATACTCATCTGGGTGGAGAAGACTTTGACCAGCGTGTCATGGAACACTTCATCAAA 
CTGTACAAAAAGAAGACGGGCAAAGATGTCAGGAAAGACAATAGAGCTGTGCAGAAACTCCGGCGCGAGGTAGAAAA 
GGCCAAACGGGCCCTGTCTTCTC 

AGCATCAAGCAAGAATTGAAATTGAGTCCTTCTATGAAGGAGAAGACTTTTCTGAGACCCTGACTCGGGCCAAATTT 
GAAGAGCTCAACATGGATCTGTTCCGGTCTACTATGAAGCCCGTCCAGAAAGTGTTGGAAGATTCTGATTTGAAGAA 
GTCTGATATTGATGAAATTGTTCTTGTTGGTGGCTCGACTCGAATTCCAAAGATTCAGCAACTGGTTAAAGAGTTCT 
TCAATGGCAAGGAACCATCCCGTGGCATAAACCCAGATGAAGCTGTAGCGTATGGTGCTGCTGTCCAGGCTGGTGTG 
CTCTCTGGTGATCAAGATACAGGTGACCTGGTACTGCTTGATGTATGTCCCCTTACACTTGGTATTGAAACTGTGGG 
AGGTGTCATGACCAAACTGATTCCAAGGAACACAGTGGTGCCTACCAAGAAGTCTCAGATCTTTTCTACAGCTTCTG 
ATAATCAACCAACTGTTACAATCAAGGTCTATGAAGGTGAAAGACCCCTGACAAAAGACAATCATCTTCTGGGTACA 
TTTGATCTGACTGGAATTCCTCCTGCTCCTCGTGGGGTCCCACAGATTGAAGTCACCTTTGAGATAGATGTGAATGG 
TATTCTTCGAGTGACAGCTGAAGACAAGGGTACAGGGAACAAAAATAAGATCACAATCACCAATGACCAGAATCGCC 
TGACACCTGAAGAAATCGAAAGGATGGTTAATGATGCTGAGAAGTTTGCTGAGGAAGACAAAAAGCTCAAGGAGCGC 
ATT GAT ACT AG AAATG AGT TG G AAAGCT AT GCCTATT CTCTAAAGAATCAG ATTGG AGATAAAGAAAAGC TGGGAGG 
TAAACTTTCCTCTGAAGATAAGGAGACCATGGAAAAAGCTGTAGAAGAAAAGATTGAATGGCTGGAAAGCCACCAAG 
ATGCTGACATTGAAGACTTCAAAGCTAAGAAGAAGGAACTGGAAGAAATTGTTCAACCAATTATCAGCAAACTCTAT 
GGAAGTGCAGGCCCTCCCCCAAC 

TGGTGAAGAGGATACAGCAGAACTCCACCACCACCACCACCACDODDDDDDDOriginal Full length cDNA 
for Bip (grp78) from database. Accession number X87949. Total length 2554 nu 
cleotides . {previously published) DDaggtcgacgccggccaagacagcacagacagattgacctatt 
ggggtgtttcgcgagtgtgagagggaagcgccgcggcctgtatttctagacctgcccttcgcctggttcgtggcgcc 
ttgtgaccccgggcccctgccgcctgcaagtcggaaattgcgctgtgctcctgtgctacggcctgtggctggactgc 
ctgctgctgcccaactggctggcaagatgaagctctccctggtggccgcgatgctgctgctgctcagcgcggcgcgg 
gccgaggaggaggacaagaaggaggacgtgggcacggtggtcggcatcgacttggggaccacctactcctgcgtcgg 
cgtgttcaagaacggccgcgtggagatcatcgccaacgatcagggcaaccgcatcacgccgtcctatgtcgccttca 
ctcctgaaggggaacgtctgattggcgatgccgccaagaaccagctcacctccaaccccgagaacacggtctttgac 
gccaagcggctcatcggccgcacgtggaatgacccgtctgtgcagcaggacatcaagttcttgccgttcaaggtggt 
tgaaaagaaaactaaaccatacattcaagttgatattggaggtgggcaaacaaagacatttgctcctgaagaaattt 
ctgccatggttctcactaaaatgaaagaaaccgctgaggcttatttgggaaagaaggttacccatgcagttgttact 
gtaccagcctattttaatgatgcccaacgccaagcaaccaaagacgctggaactattgctggcctaaatgttatgag 
gatcatcaacgagcctacggcag 

ctgctattgcttatggcctggataagagggagggggagaagaacatcctggtgtttgacctgggtggcggaaccttc 
gatgtgtctcttctcaccattgacaatggtgtcttcgaagttgtggccactaatggagatactcatctgggtggaga 
agactttgaccagcgtgtcatggaacacttcatcaaactgtacaaaaagaagacgggcaaagatgtcaggaaggaca 
atagagctgtgcagaaactccggcgcgaggtagaaaaggccaaggccctgtcttctcagcatcaagcaagaattgaa 
attgagtccttctatgaaggagaagacttttctgagaccctgactcgggccaaatttgaagagctcaacatggatct 
gttccggtctactatgaagcccgtccagaaagtgttggaagattctgatttgaagaagtctgatattgatgaaattg 
ttcttgttggtggctcgactcgaattccaaagattcagcaactggttaaagagttcttcaatggcaaggaaccatcc 
cgtggcataaacccagatgaagctgtagcgtatggtgctgctgtccaggctggtgtgctctctggtgatcaagatac 
aggtgacctggtactgcttcatgtatgtccccttacacttggtattgaaactgtaggaggtgtcatgaccaaactga 
ttccaagtaatacagtggtgcctaccaagaactctcagatcttttctacagctt ctgataatcaaccaactgttaca 
atcaaggtctatgaaggtgaaagacccctgacaaaagacaatcatcttctgggtacatttgatctgactggaattcc 
tcctgctcctcgtggggtcccacagattgaagtcacctttgagatagatgtgaatggtattcttcgagtgacagctg 
aagacaagggtacagggaacaaaaataagatcacaatcaccaatgaccagaatcgcctgacacctgaagaaatcgaa 
aggatggttaatgatgctgagaa 

gtttgctgaggaagacaaaaagctcaaggagcgcattgatactagaaatgagttggaaagctatgcctattctctaa 
agaatcagattggagataaagaaaagctgggaggtaaact ttcctctgaagataaggagaccatggaaaaagctgta 
gaagaaaagattgaatggctggaaagccaccaagatgctgacattgaagacttcaaagctaagaagaaggaactgga 
agaaattgttcaaccaattatcagcaaactctatggaagtgcaggccctcccccaactggtgaagaggatacagcag 
aaaaagatgagttgtagacactgatctgctagtgctgtaatattgtaaatactggactcaggaacttttgttaggaa 
aaaattgaaagaacttaagtctcgaatgtaattggaatcttcacctcagagtggagttgaactgctatagcctaagc 
ggctgtttactgcttttcattagcagttgctcacatgtctttgggtggggggggagaagaagaattggccatcttaa 
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Appendix 4 (contd) 

aaagcgggtaaaaaacctgggttagggtgtgtgttcaccttcaaaatgttctatttaacaactgggtcatgtgcatc 
tggtgtaggaagttttttctaccataagtgacaccaataaatgtttgttatttacactggtcaaaaaaaaaaaaaaa 
aaO 
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Prevention of CIA by intravenous injection of recombinant p78 



Tolerogen 3 % Arhritic Mice % Arthritic Limbs Antibodies 
at 8 weeks b at 8 weeks b (IgG) 

to cir 



p78 (lmg) 
PBS 



1/10(10%) : 
5/6 (83%) 



1/40 (3%)** 
• 11/24(46%). 



22 ± 9*** 
68±1G 



a HLA-DRr /+ transgenic mice were injected intravenously with either PBS (negative control) or 
recombinant p78. Either lmg of protein dissolved in 0.1ml of PBS or 0.1 ml of PBS was 
administered intravenously and mice were immunised with type II collagen in CFA seven days 
after the intravenous dose. 

b The incidence of arthritis is reported at 8 weeks after immunisation. 

0 Antibodies represent mean units per group using sera collected 8 weeksafter 
immunisation. ELISAs were performed and results are reported as units of aactivity derived by 
cmparison of test sera with the standard serum which was arbitrarily defined as having 50 units 
of acitivity. Sera were analysed individually and results shown as the mean ± SD for each group 
of animals. 

* p< 0.008 (Fischer's Exact test) ** < 0.0001 (Fischer's Exact test) *** <0.05 (Students t test) 
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Table 2. IgGl and IgG2 antibody isotypes to type II collagen in mice treated 

intravenously with either recombinant p78 or PBS. 



Tolerogen a IgGl antibodies IgG2 antibodies 

to type II collagen b to type II collagen b 

p78(1000 u.g) 0.71 ±0.019* 0.1 10 ±0.022 * 

PBS 0.135 ±0.066 0.250 ±0.044 



a HLA-DR1 transgenic mice were injected intravenously with either PBS (negative 

control) or recombinant p78 followed by immunisation with collagen type II in CFA one week 
later . 

b ELI S As were performed as described in caption to Table 2. 
*p<0.05 (Students t test) 
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Table 3: Anti-p78 antibody in CIA or PIA mouse sera (1 :200 dil) 



Subtract blanks and non-coated values 




Mouse ID 


Prebleed 


CIA onset 


PIA(mouse 
ID#1-14) 


961 


0.000 


0.243 


0.263 


982 




ft 3?R 


0.981 


963 


V/. 1JJ 


0.567 


0.780 


965 


0.076 


0.198 


0.934 


966. 


0.162 


0.257 


0.388 


967 


0.068 


0.000 


0.291 


968 


0.039 


0.189 


0.469 


970 


0.000 


0.000 


0.551 


197 


0.173 


0.000 


0.537 


!98 


0.023 


0.000 


0.711 


200 


0.000 


0.099 


0.430 


248 


0.000 


0.183 


0.535 


702 


0.090 


0.011 


0.038 


703 


0.012 


0.206 


0.147 


705 




0.341 




706 




0.407 




Mean 


0.070 


0.189 


0.504 


Count 


14 


16 


14 


JTEM 


0.019 


0.042 i 


0.074 
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Legends to figures 

Figure 1 

Western blotting showing 6 rheumatoid sera (lanes 1-6), 5 normal sera (lanes 7-1 1) and 
A disease controls (lanes 12-15) reacting with chondrosarcoma lysate. Molecular weight 
markers are shown. 

Figure 2 

Lymphocyte proliferation in mononuclear cells cultured for 6 days expressed as a stimulation 
index: proliferation in the presence of p78/proliferation in the presence of culture medium alone. 
A stimulation of > 2.5 was considered significant. RAPB, rheumatoid arthritis peripheral blood; 
RASF, rheumatoid arthritis synovial fluid; OIJDPB, other inflammatory joint diseases 
peripheral blood; OIJDSF, other inflammatory joint diseases synovial fluid. 

Figure 3 

Antibodies to recombinant human p78 in the sera of mice measured by ELISA and expressed as 
OD405. Shown are the values for the animals bled before the induction of experimental arthritis 
(pre-bleed), and at the onset of collagen- induced arthritis (CIA) and of pristane-induced arhritis 
(PIA). 
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CLAIMS 



[ . The use of immunoglobulin heavy chain binding protein BiP (GRP78), 
or a peptide derived therefrom, as a reagent for indicating the presence of 
rheumatoid arthritis. 

2 . The use of protein BiP(GRP78) according to claim 1, in which the 
protein has the amino-acid sequence of Sequence Listing SEQ.ID.No. J 
or SEQ.TD.No.2. 

3. The protein BiP(GRP78) having the amino-acid sequence of Sequence 
Listing SEQ.ID.No. 1 or SEQ.ID.No.2. 

4. Recombinant BiP(GRP78). 

5 . A prognostic or diagnostic test for RA in which the test reagent for 
testing body fluid is immunoglobulin heavy chain bmding protein BiP 
(GRP78), or a peptide derived therefrom. 

6. A test according to claim 5, being an ELISA assay. 

7. A test according to claim 5, being a Western Blot. 

8. Immunoglobulin heavy chain binding protein BiP (GRP78), or a 
peptide derived therefrom, for use in therapy. 
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Immunoglobulin heavy chain binding protein BiP (GRP7S), or a 
peptide derived therefrom, for use in rheumatoid arthritis therapy. 

A cDNA sequence coding for Immunoglobulin heavy chain binding 
protein BiP (GRP78), or for a peptide derived therefrom, for use in 
therapy. 

A cDNA sequence coding for Immunoglobulin heavy chain binding 
protein BiP (GRP78), or for a peptide derived therefrom, for use in 
rheumatoid arthritis therapy. 

A cDNA sequence having or containing the nucleotide sequence of 
Sequence Listing SEQ.ID.No3. 

A recombinant vector containing a DNA sequence according to claim 12. 

A method of testing for RA, using a protein BiP(GRP78) or a cDNA 
sequence coding therefor to determine the presence of antibodies to said 
protein. 

A method of therapeutic treatment of RA comprising administering the 
protein BiP(GRP78) or a DNA coding therefor. 

Method according to claim 15, in which administration is by the 
intravenous, nasal, oral, or cutaneous route. 

A recombinant organism capabLe of expressing protein BiP(GRP7S). 
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FIG. 2 



PROLIFERATIVE RESPONSES TO P78 
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ANT1-P78 ANTIBODY IN CIA AND PIA 
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LANCHBURY, JEREMY S 

<120> TREATMENT OF INFLAMMATORY DISEASE 

<130> N8862 

<140> 
<141> 

<150> GB9822115.3 
<151> 1998-10-09 

<160> 5 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 639 
<212> PRT 

<213> Homo sapiens 
<4 00> 1 

Met Glu Glu Asp Lys Lys Glu Asp Val Gly Thr Val Val Gly lie Asp 
1 5 10 15 

Leu Gly Thr Thr Tyr Ser Cys Val Gly Val Phe Lys Asn Gly Arg Val 
20 25 30 

Glu lie lie Ala Asn Asp Gin Gly Asn Arg lie Thr Pro Ser Tyr Val 
35 40 45 

Ala Phe Thr Pro Glu Gly Glu Arg Leu lie Gly Asp Ala Ala Lys Asn 
50 55 60 

Gin Leu Thr Ser Asn Pro Glu Asn Thr Val Phe Asp Ala Lys Arg Leu 
65 70 75 80 

lie Gly Arg Thr Trp Asn Asp Pro Ser Val Gin Gin Asp lie Lys Phe 
85 90 95 



Leu Pro Phe Lys Val Val Glu Lys Lys Thr Lys Pro Tyr lie Gin Val 
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100 



105 



110 



Asp lie Gly Gly Gly Gin Thr Lys Thr Phe Ala Pro Glu Glu He Ser 
115 120 125 

Ala Met Val Leu Thr Lys Met Lys Glu Thr Ala Glu Ala Tyr Leu Gly 
130 135 140 

Lys Lys Val Thr His Ala Val Val Thr Val Pro Ala Tyr Phe Asn Asp 
145 150 155 160 

Ala Gin Arg Gin Ala Thr Lys Asp Ala Gly Thr He Ala Gly Leu Asn 
165 170 175 

Val Met Arg He He Asn Glu Pro Thr Ala Ala Ala He Ala Tyr Gly 
180 185 190 

Leu Asp Lys Arg Glu Gly Glu Lys Asn He Leu Val Phe Asp Leu Gly 
195 200 205 

Gly Gly Thr Phe Asp Val Ser Leu Leu Thr He Asp Asn Gly Val Phe 
210 215 220 

Glu Val Val Ala Thr Asn Gly Asp Thr His Leu Gly Gly Glu Asp Phe 
225 230 235 240 

Asp Gin Arg Val Met Glu His Phe He Lys Leu Tyr Lys Lys Lys Thr 
245 250 255 

Gly Lys Asp Val Arg Lys Asp Asn Arg Ala Val Gin Lys Leu Arg Arg 
260 265 270 

Glu Val Glu Lys Ala Lys Arg Ala Leu Ser Ser Gin His Gin Ala Arg 
275 280 285 

He Glu He Glu Ser Phe Tyr Glu Gly Glu Asp Phe Ser Glu Thr Leu 
290 295 300 

Thr Arg Ala Lys Phe Glu Glu Leu Asn Met Asp Leu Phe Arg Ser Thr 
305 310 315 320 

Met Lys Pro Val Gin Lys Val Leu Glu Asp Ser Asp Leu Lys Lys Ser 
325 330 335 

Asp He Asp Glu He Val Leu Val Gly Gly Ser Thr Arg He Pro Lys 
340 345 350 



He Gin Gin Leu Val Lys Glu Phe Phe Asn Gly Lys Glu Pro Ser Arg 
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360 



365 



Gly lie Asn Pro Asp Glu Ala Val Ala Tyr Gly Ala Ala Val Gin Ala 
370 375 380 

Gly Val Leu Ser Gly Asp Gin Asp Thr Gly Asp Leu Val Leu Leu Asp 
385 390 395 400 

Val Cys Pro Leu Thr Leu Gly lie Glu Thr Val Gly Gly Val Met Thr 
405 410 415 

Lys Leu He Pro Arg Asn Thr Val Val Pro Thr Lys Lys Ser Gin lie 
420 425 430 

Phe Ser Thr Ala Ser Asp Asn Gin Pro Thr Val Thr He Lys Val Tyr 
435 440 445 

Glu Gly Glu Arg Pro Leu Thr Lys Asp Asn His Leu Leu Gly Thr Phe 
450 455 460 

Asp Leu Thr Gly He Pro Pro Ala Pro Arg Gly Val Pro Gin He Glu 
465 470 475 480 

Val Thr Phe Glu He Asp Val Asn Gly He Leu Arg Val Thr Ala Glu 
485 490 495 

Asp Lys Gly Thr Gly Asn Lys Asn Lys He Thr He Thr Asn Asp Gin 
500 505 510 

Asn Arg Leu Thr Pro Glu Glu He Glu Arg Met Val Asn Asp Ala Glu 
515 520 525 

Lys Phe Ala Glu Glu Asp Lys Lys Leu Lys Glu Arg He Asp Thr Arg 
530 535 540 

Asn Glu Leu Glu Ser Tyr Ala Tyr Ser Leu Lys Asn Gin He Gly Asp 
545 550 555 560 

Lys Glu Lys Leu Gly Gly Lys Leu Ser Ser Glu Asp Lys Glu Thr Met 
565 570 575 

Glu Lys Ala Val Glu Glu Lys He Glu Trp Leu Glu Ser His Gin Asp 
580 585 590 

Ala Asp He Glu Asp Phe Lys Ala Lys Lys Lys Glu Leu Glu Glu He 
595 600 605 



Val Gin Pro He He Ser Lys Leu Tyr Gly Ser Ala Gly Pro Pro Pro 
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615 



Thr Gly Glu Glu Asp Thr Ala Glu Leu His His His His His His 
625 630 635 



<210> 2 
<211> 633 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Glu Glu Asp Lys Lys Glu Asp Val Gly Thr Val Val Gly lie Asp 
15 10 15 

Leu Gly Thr Thr Tyr Ser Cys Val Gly Val Phe Lys Asn Gly Arg Val 
20 25 30 

Glu He He Ala Asn Asp Gin Gly Asn Arg He Thr Pro Ser Tyr Val 
35 40 45 

Ala Phe Thr Pro Glu Gly Glu Arg Leu He Gly Asp Ala Ala Lys Asn 
50 55 60 

Gin Leu Thr Ser Asn Pro Glu Asn Thr Val Phe Asp Ala Lys Arg Leu 
65 70 75 80 

lie Gly Arg Thr Trp Asn Asp Pro Ser Val Gin Gin Asp He Lys Phe 
85 90 95 

Leu Pro Phe Lys Val Val Glu Lys Lys Thr Lys Pro Tyr He Gin Val 
100 105 110 

Asp He Gly Gly Gly Gin Thr Lys Thr Phe Ala Pro Glu Glu He Ser 
115 120 125 

Ala Met Val Leu Thr Lys Met Lys Glu Thr Ala Glu Ala Tyr Leu Gly 
130 135 140 

Lys Lys Val Thr His Ala Val Val Thr Val Pro Ala Tyr Phe Asn Asp 
145 150 155 160 

Ala Gin Arg Gin Ala Thr Lys Asp Ala Gly Thr He Ala Gly Leu Asn 
165 170 175 

Val Met Arg He He Asn Glu Pro Thr Ala Ala Ala He Ala Tyr Gly 
180 185 190 
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Leu Asp Lys Arg Glu Gly Glu Lys Asn lie Leu Val Phe Asp Leu Gly 
195 200 205 

Gly Gly Thr Phe Asp Val Ser Leu Leu Thr lie Asp Asn Gly Val Phe 
210 215 220 

Glu Val Val Ala Thr Asn Gly Asp Thr His Leu Gly Gly Glu Asp Phe 
225 230 235 240 

Asp Gin Arg Val Met Glu His Phe lie Lys Leu Tyr Lys Lys Lys Thr 
245 250 255 

Gly Lys Asp Val Arg Lys Asp Asn Arg Ala Val Gin Lys Leu Arg Arg 
260 265 270 

Glu Val Glu Lys Ala Lys Arg Ala Leu Ser Ser Gin His Gin Ala Arg 
275 280 285 

lie Glu He Glu Ser Phe Tyr Glu Gly Glu Asp Phe Ser Glu Thr Leu 
290 295 300 

Thr Arg Ala Lys Phe Glu Glu Leu Asn Met Asp Leu Phe Arg Ser Thr 
305 310 315 320 

Met Lys Pro Val Gin Lys Val Leu Glu Asp Ser Asp Leu Lys Lys Ser 
325 330 335 

Asp He Asp Glu He Val Leu Val Gly Gly Ser Thr Arg He Pro Lys 
340 345 350 

He Gin Gin Leu Val Lys Glu Phe Phe Asn Gly Lys Glu Pro Ser Arg 
355 360 365 

Gly He Asn Pro Asp Glu Ala Val Ala Tyr Gly Ala Ala Val Gin Ala 
370 375 380 

Gly Val Leu Ser Gly Asp Gin Asp Thr Gly Asp Leu Val Leu Leu Asp 
385 390 395 400 

Val Cys Pro Leu Thr Leu Gly He Glu Thr Val Gly Gly Val Met Thr 
405 410 415 

Lys Leu He Pro Arg Asn Thr Val Val Pro Thr Lys Lys Ser Gin He 
420 425 430 

Phe Ser Thr Ala Ser Asp Asn Gin Pro Thr Val Thr He Lys Val Tyr 
435 440 445 
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Glu Gly Glu Arg Pro Leu Thr Lys Asp Asn His Leu Leu Gly Thr Phe 
450 455 460 

Asp Leu Thr Gly lie Pro Pro Ala Pro Arg Gly Val Pro Gin lie Glu 
465 470 475 480 

Val Thr Phe Glu lie Asp Val Asn Gly lie Leu Arg Val Thr Ala Glu 
485 490 495 

Asp Lys Gly Thr Gly Asn Lys Asn Lys He Thr He Thr Asn Asp Gin 
500 505 510 

Asn Arg Leu Thr Pro -Glu Glu He Glu Arg Met* Val Asn Asp Ala Glu 
515 520 525 

Lys Phe Ala Glu Glu Asp Lys Lys Leu Lys Glu Arg He Asp Thr Arg 
530 535 540 

Asn Glu Leu Glu Ser Tyr Ala Tyr Ser Leu Lys Asn Gin He Gly Asp 
545 550 555 560 

Lys Glu Lys Leu Gly Gly Lys Leu Ser Ser Glu Asp Lys Glu Thr Met 
565 570 575 

Glu Lys Ala Val Glu Glu Lys lie Glu Trp Leu Glu Ser His Gin Asp 
580 585 590 

Ala Asp lie Glu Asp Phe Lys Ala Lys Lys Lys Glu Leu Glu Glu He 
595 600 605 

Val Gin Pro He He Ser Lys Leu Tyr Gly Ser Ala Gly Pro Pro Pro 
610 615 620 



Thr Gly Glu Glu Asp Thr Ala Glu Leu 
625 630 



<210> 3 

<211> 1917 

<212> DNA 

<213> Homo sapiens 

<400> 3 

atggaggagg acaagaagga ggacgtgggc acggtggtcg gcatcgacct ggggaccacc 60 

tactcctgcg tcggcgtgtt caagaacggc cgcgtggaga tcatcgccaa cgatcagggc 120 

aaccgcatca cgccgtccta tgtcgccttc actcctgaag gggaacgtct gattggcgat 180 
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gccgccaaga accagctcac ctccaacccc gagaacacgg tctttgacgc caagcggctc 240 
atcggccgca cgtggaatga cccgtctgtg cagcaggaca tcaagttctt gccgttcaag 300 
gtggttgaaa agaaaactaa accatacatt caagttgata ttggaggtgg gcaaacaaag 360 
acatttgctc ctgaagaaat ttctgccatg gttctcacta aaatgaaaga aaccgctgag 420 
gcttatttgg gaaagaaggt tacccatgca gttgttactg taccagccta ttttaatgat 480 
gcccaacgcc aagcaaccaa agacgctgga actattgctg gcctaaatgt tatgaggatc 540 
atcaacgagc ctacggcagc tgctattgct tatggcctgg ataagaggga gggggagaag 600 
aacatcctgg tgtttgacct gggtggcgga accttcgatg tgtctcttct caccattgac 660 
aatggtgtct tcgaagttgt ggccactaat ggagatactc atctgggtgg agaagacttt 720 
gaccagcgtg tcatggaaca cttcatcaaa ctgtacaaaa agaagacggg caaagatgtc 780 
aggaaagaca atagagctgt gcagaaactc cggcgcgagg tagaaaaggc caaacgggcc 840 
ctgtcttctc agcatcaagc aagaattgaa attgagtcct tctatgaagg agaagacttt 900 
tctgagaccc tgactcgggc caaatttgaa gagctcaaca tggatctgtt ccggtctact 960 
'atgaagcccg tccagaaagt gttggaagat tctgatttga agaagtctga tattgatgaa 1020 
attgttcttg ttggtggctc gactcgaatt ccaaagattc agcaactggt taaagagttc 1080 
ttcaatggca aggaaccatc ccgtggcata aacccagatg aagctgtagc gtatggtgct 1140 
gctgtccagg ctggtgtgct ctctggtgat caagatacag gtgacctggt actgcttgat 1200 
gtatgtcccc ttacacttgg tattgaaact gtgggaggtg tcatgaccaa actgattcca 1260 
aggaacacag tggtgcctac caagaagtct cagatctttt ctacagcttc tgataatcaa 1320 
ccaactgtta caatcaaggt ctatgaaggt gaaagacccc tgacaaaaga caatcatctt 1380 
ctgggtacat ttgatctgac tggaattcct cctgctcctc gtggggtccc acagattgaa 1440 
gtcacctttg agatagatgt gaatggtatt cttcgagtga cagctgaaga caagggtaca 1500 
gggaacaaaa ataagatcac aatcaccaat gaccagaatc gcctgacacc tgaagaaatc 1560 
gaaaggatgg ttaatgatgc tgagaagttt gctgaggaag acaaaaagct caaggagcgc 1620 
attgatacta gaaatgagtt ggaaagctat gcctattctc taaagaatca gattggagat 1680 
aaagaaaagc tgggaggtaa actttcctct gaagataagg agaccatgga aaaagctgta 1740 
gaagaaaaga ttgaatggct ggaaagccac caagatgctg acattgaaga cttcaaagct 1800 
aagaagaagg aactggaaga aattgttcaa ccaattatca gcaaactcta tggaagtgca 1860 
ggccctcccc caactggtga agaggataca gcagaactcc accaccacca ccaccac 1917 



<210> 4 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 4 

tatacatatg gaggaggaca agaaggagga eg 32 



<210> 5 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : primer 
<400> 5 

ccacctcgag ttctgctgta tcctcttcac ca 



